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Determination of 214 pesticide residues in green vegetables using QuEChERS-ultra high
performance liquid chromatography coupled with quadrupole time of flight mass spectrometry
ZHU Feng', YU Jie’, HUO Zongli', LIU Hualiang', ZHANG Hao', LIU Deye', JI Wenliang'
(1. Jiangsu Provincial Center for Disease Control and Prevention, Jiangsu Nanjing 210009, China;

2. SCIEX China, Shanghai 200335, China)

Abstract: Objective A method for the determination of 214 pesticide residues in green vegetables by QuEChERS using
ultra high performance liquid chromatography coupled with quadrupole time of flight mass spectrometry was established.
Methods After extracted by acetonitrile, the green vegetables were cleaned-up by a mixed sorbent with primary secondary
amine (PSA), C18, Na,SO, and graphitized carbon black ( GCB). The target compounds were separated by Waters
ACQUITY UPLC BEH C; column (2.1 mmX100 mm, 1.7 pm) using 5 mmol/L ammonium formate solution (0.1%
formic acid) and acetonitrile as mobile phase by gradient elution, and analyzed in positive electrospray ionization mode by
All the 214

pesticides showed good linear relationships in the range of 4-1 000 ng/L, and the correlation coefficients (r’) were higher

time of flight mass spectrometry scan-information dependent acquisition (IDA) -product ion scan. Results

than 0. 99. The recoveries at three different spiked levels for all target compounds in blank matrices were 41.9%-128. 5%,
and the relative standard deviations (RSD) were 0.4%-14.3% (n=6). The limits of detection and quantitation of the
method were 0.004-5.443 and 0.206-18. 125 pg/kg, respectively. Eight pesticide residues were detected in the real
samples. Conclusion The method was suitable for rapid screening and analysis of pesticide residues in green vegetables
with the advantages of accuracy, rapidity, simplicity, high sensitivity and high throughput.

Key words: QuEChERS; pesticide residues; green vegetables; ultra high performance liquid chromatography; time of

flight mass spectrometry
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Figure 2 Extraction efficiency of 214 target compounds with

different purification method
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Figure 3 Number of target compounds in different recovery

ranges with different purification methods
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Figure 4 Chromatograms of pretilachlor
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Figure 5 Chromatograms of machette
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Table 1 Linear correlation coefficient (r*), LOD, LOQ, recoveries and precisions of some pesticides in green vegelables
ey * - LOD LOQ fLE?ZUEJJDﬁ EP?ZUEJJD’@ %?&E%Jjuﬁ
/(neg/kg) /(pg/kg)  MUER/% RSD/% [FWHR% RSD/% YR /% RSD/%

() - H 35 1o 28 gk fiik 0.996 2 0. 141 0.470 91.8 4.3 90.2 3.6 90. 5 6.0
1-28 2, ik e LA 0.993 6 1.722 5.734 101.7 6.2 88.7 9.3 101.0 8.3
[IERZS P2 0.991 4 0.152 0. 506 88.0 8.3 84.2 4.8 82.5 7.5
AP A I i 0.998 7 1.381 4.599 66. 4 7.6 85.0 3.8 77.7 5.7
M ik iz HHLA 0.998 8 0.253 0. 842 82.6 6.0 85.7 8.1 82.8 8.6
7, B ik e 0.999 6 0. 498 1.658 127.8 6.5 94.0 9.5 93.1 9.5
75 hu = 0.992 5 0.233 0.776 74.1 5.7 89.6 4.2 90. 8 3.3
AT =M 0.992 6 0.412 1.372 89.0 10.3 92.8 8.4 85.9 3.9
i 2 il ik B 0.997 8 1.213 4.039 107. 4 5.1 98.9 4.6 102.5 5.1
9 13 ] ZR IR 0.996 9 0. 062 0. 206 85. 1 2.2 88.3 4.5 82.4 4.3
R AHFEREE  0.9916 0.362 1.205 81.7 4.1 102. 1 6.4 86. 2 9.2
P 46 54% 28 ik ik 0.999 8 2.242 7. 466 89.6 5.6 84.2 5.8 90. 1 2.6
TR JiE IR 0.991 3 3. 881 12.924 — — 61.6 2.9 79. 1 4.3
a3 HHA 0.993 1 0.221 0.736 88. 1 2.6 86.3 4.5 89.3 2.9
F RN = e 0.993 2 0.294 0.979 103.5 4.4 94. 8 2.5 123.1 1.1
) ik Jie 0.992 8 0.373 1.242 87.8 6.4 92.2 3.2 87.0 9.5
F7 b HHLA 0.995 8 5.443 18. 125 — — 83.9 4.4 85.7 4.8
FH 4 44 g WIBE R ZEE 0.993 3 2.483 8.268 86. 6 4.9 71.2 10. 4 83.7 9.3
i HAIEFEREE  0.999 2 0. 004 0.013 97.9 5.9 96.9 4.6 92.4 4.0
ik 2 1 PR R ZEE  0.999 6 1.231 4.099 103.7 9.1 102.7 5.1 98.0 10.2
A 1k 44 g BIER A2l 0.992 6 0.182 0. 606 77.7 3.6 88. 4 7.9 75.5 6.6
7 3 IR 0.992 8 0.324 1.079 87.7 2.8 91.2 1.2 96.9 3.2

T :—3Rm LOQ /N T bRk 2



R AR AR

CHINESE JOURNAL OF FOOD HYGIENE

2020 4E55 32 B4 1 1)

2.7 SEPREE BRI

18 TR SL AP A 7 0 13 > TlT 69 7 SRE ot 2R 47
R, A 8 Fh A 255k B . H P R Rt AR ML TR
M ERUE EZ M B AN T 8 A T Y B R
RE AL B 2 5 19 214 P 2558 B, R 5 A Hu T
AR i 22 DA — PR A 25 5% B, 0B T RO R P A

0.0e3 7.003

[280.1542

I R R RS R 2R (Y D C B A 99. 2% , 5 T B E R
WEOLIE 6, W 2 BTN, K AR 24 AR B A vk B B AE
2.8~75.4 ng/kg WHEIN ,¥/NF GB 2763—2016" th
e Mg e iR 2 R KR A IR . WK A,
VLI T S T A 2 5% B ARG DUE AT AR 591 T 1
T SEAE A AETE— 2 A 24 5% B 2 58 XURS:

100 [

5.5¢5 ["160.
. }(S)E; ‘ @ Sedr b £ so 05 - ll\7192 1383 ’
I~ 3‘223 3 2811579 g 105_06«%133.0:133%']‘120 72201330
& 5005 0o t B S Il
13 253 Pl el \ 7 ‘ [
= }(S)g = -Sed &' ol
5_':)31 i ) ®
OO T S 0T 2 1319151617 279.0 2795 280.0 2805 281.0 2815 282.0 282.5 283.0 ~100—7 100 150 200 250 300
t/min J 74 He/Da i te/Da
ca~c 23 B S JC B TRE B b AR 00 4 RS TR G T — ST BRSO L PR RN R AR ke L TR
Bl 6 Jouh ke s A R
Figure 6 Chromatograms of metalaxyl in Wuxi sample
F2 OFRFEMTARZIRE SR
Table 2 Results of pesticide residues in green vegetables
bR/ (ne/kg)
Tt WAL/ (me/ke) - — : A
T el iE R &M
1% T i 0.1~3 — — 75. 4 2.8 —
R gk YA e 0.02 ~2 — — 19. 4 — —
LTNED Y 0.02 ~1 — 13.6 — — —
R 0.05 ~2 48.9 38.8 — — —
Fh G 0.05 ~0.1 — 15.8 — — —
Xy 1-5 - - 7.2 B B
s B 1 24.9 — — — 7.2
ik il 0.1~2 12.8 — — — _

RN AR
3 N

AR5 3 T QuEChERS 1 57 43 B [ AH #€ B
AL B A S T R R R OB € 1% - DU AT AT
B ] J5 335 [7) B 77 2 4G 00 7 SRR i v 214 B 24 5% B
(732 I FIRZ T EE TR 13 AT 19 75 354
AUEAT TR, LA 5 A TR Y 8 Rk 255K FE
A e PR R R
PR IE T H 8 T SRR v A 24 5% B8 0% DL O A
SR X T HE B VL A A A S IR £ A 2 8%
PE A 2L B R

S % Lk

[ 1] 3kEZ, L4, Emm, 5. QuEChERS-H & 20R A @ 3% -5
WO R 00 2 5 S h 250 Fhfc 253k [T]. ik, 2016, 34
(2): 158-164.

e B S R AR R R AR T B oy, R AR N RAL AN
Al 3, R KA 2 B R R 1 A 4 K o
B it A 2 i K% A PR A . GB 2763—2016[ STk 57« v [l 5
AL 2016.

e B L R AR R R AR T B oy, R AR N RAL AN
FE A b 355, R 5 T 4 B B R JR 1R A R B R AR A
O B A 43 Fhfe 2 B 8K B L GB 2763.1—2018[ S ].

(3]

dbat . AR o th A, 2018.

TOMASZ T, TOMASZ R. Application of HPLC-DAD after SPE/
QuEChERS with Zr0,-based sorbent in d-SPE clean-up step for
pesticide analysis in edible oils [ J]. Food Chem, 2015, 190
(5): 71-79.

TR OB R AY AR R OO 3 kD AG I 25 - v
=GB [J]. iK% % ,2017, 36(9) ; 1048-1052.

M B B, X% 5T, 4F. QuEChERS-H i 20 AR € 15 - A3 1k
Jo 3 vk I 2 B SR 41 R 255 B8R [T]. 38, 2015, 33(3):
235-241.

HUANG Y S, SHI T, LUO X, et al. Determination of multi-
pesticide residues in green tea with a modified QuEChERS
protocol coupled to HPLC-MS/MS []J]. Food Chem, 2018, 275
(9): 255-264.

R R, KT, R A, AR AT A ) B B R TE K R S
SRR ARG TR RN [T]. 23k AE 4, 2018,
37(2): 139-153.

Wk, v 0, B UK, A5 R R RO (T -8 20 R OB kR
i TP Z AR SR (] BT i, 2014, 42(4) .
579-584.

P R RIE, R, AE . R T I B A - AR R -
BRI 13 RS B 2 R A LA AR SRR A [J]. ThEZ
2270k 2015, 50(21); 1917-1922.

HAKME E, LOZANO A, UCLES S, et al. High-throughput gas

[10]

[11]
chromatography-mass spectrometry analysis of pesticide residues

in spices by using the enhanced matrixremoval-lipid and the



KA, o, 0 O 51 23 K 24 B —— Bt — 31—
sample dilution approach [ J]. J Chromatogr A, 2018, 1573 = DU AR AT 5 P v R 0 A A i e 1L e B 2 I K Ak B
(8): 28-41. [J]. A3 #rimak 2: ,2017, 36(11) . 1339-1345.
[12] T BRI, B P PR R - e B TR S BN A v 2 [18] GABRIELI B, MAGALI K, LUCILA C, et al. An effective
%% IH-'T' S3IFheZhak A )]. @i, 2018, 36(6) : 531-540. method for pesticide residues determination in tobacco by GC-
[13] LAIAS C, PILAR R M, MIREIA M S. Determination of 23 MS/MS and UHPLC-MS/MS employing acetonitrile extraction
organochlorine pesticides in animal feeds by GC-MS/MS after with low-temperature precipitation and d-SPE clean-up [ J].
QuEChERS with EMR-lipid clean-up [J]. Anal Methods, 2018, Talanta, 2016, 161(8) : 40-47.
10: 5171-5180. [19] HOU X, HAN M, DAI X H, et al. A multi-residue method for
[14] Z=% %K), sk B A%, %45, QuEChERS/HPLC-MS/MS il & the determination of 124 pesticides in rice by modified
BN GO A EAE 127 M sk [J]. ik QuEChERS extraction and gas chromatography-tandem mass
42,2015, 34(5) . 502-511. spectrometry [ J]. Food Chem, 2013, 138(2/3) . 1198-1205.
[15] ZHANG Z H, DONG M F, HAO X H, et al. Evaluation of [20] HAN Y T, SONG L, ZOU N, et al. Multi-residue determination
cleanup procedures in pesticide multi-residue analysis with of 171 pesticides in cowpea using modified QuEChERS method
QuEChERS in cinnamon bark [ J]. Food Chem, 2018, 276 with multi-walled carbon nanotubes as reversed-dispersive solid-
(10) : 140-146. phase extraction materials [ J]. J Chromatogr B, 2016, 1031
[16] YANG X, ZHANG H, LIU Y, et al. Multiresidue method for (7):99-108.
determination of 88 pesticides in berry fruits using solid-phase [21] T, 550, X B, 4. LT kiR L 242y
extraction and  gas  chromatography-mass  spectrometry ; R AT BRI SE [T]. M 2E, 2019, 47(2):
determination of 88 pesticides in berries using SPE and GC-MS 262-270.
[1]. Food Chem, 2011, 127(1) ; 855-865. (2] AU, WK R, 4. O -2 G 8 0 I B 0 2 92
(17]  Z=adtith, ANES Rl A T4, 45 TS [ AH T TS 5 AOAH (3 - 139 A 2ak R (1], AR EEZS,2019, 14(4) : 783-797.
R SUAH 7% r 25 Y- 3 06 I 35 125 000 7 it i v 23 b 245 5%
4*1[5?}’13/’(1'2,#519722,?ﬁ%z,%‘?‘il FAER
(LpmAFBEALT £5k,#HMeE Kb 410078; 2. 4L TARM A 4+, 100013)

 E:BWM #iHk
Hom e BARRA, S BEAREA
M Ee B REK, EHTF SR B KM (MRM) 4 X 3t

Kb BHRFEGRAEAAMEHE B

AT 4 )

20 pg/LEBA AZMREF ABX 2K (R KT 0.99, £k E R

0.02~0.40 #= 0.05~1.25 ug/kg,mi$% 66.7% ~110. 7% , 48 2+ 4% 4 4l £ (RSD) <14. 8%,
S AR B ER G ke,

W0y RAE E R A F &R T
KB RSAG A RAEAMEE G B R
FE S ES RISS X EARIZAD : A
DOI; 10. 13590/j.¢jfh.2020. 01. 006

B- @ B EAN Tk, A&
A FACH A, 2 DB-SMS &4% 42 (30 mx0.25 mm,0.25 um) 9 & , 25 KL EA
MR ML ER T,

i ARG T ER BB EE

KA AEARRERE

HER 23HHRBALO0L~
R o A A
Hit AFEAAR

X E %S :1004-8456(2020)01-0031-08

Determination of 23 pesticide residues in vegetable by atmospheric pressure gas

chromatography-tandem mass spectrometry

YU Huanhuan'?, YANG Yi’
(1. Xiangya Public Health College,

, ZHANG Jing’, XU Huilan',
Central South University, Hunan Changsha 410078, China;

WANG Jianwu'

2. Beijing Center for Disease Control and Prevention, Beijing 100013, China)

I 75 B #5 :2019-12-20
E£TH :-BREAMEITXI(2017YFC1601600)

EER-N ARk 4« MEE T OARBL4LEMN  E-mail:
BEMEE 24K 3 &4 MRAHT a9 RR%44EN0

yuhuan@ csu.edu.cn

E-mail ; jianwu_wang@ csu.edu.cn



